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(54) Assist power transmission apparatus for power assist vehicle 



(57) The invention provides an assist power trans- 
mission apparatus for a power assist vehicle including a 
reduction roller type speed reducer provided between 
an electric motor and a rotational drive shaft for impart- 
ing a rotational power to a drive wheel, which is capable 
of desirably assembling the reduction roller type speed 
reducer at a relatively rough assembling accuracy, 
thereby improving the productivity. 
To achieve this, first and second casing halves 76, 11 
are connected to each other with a containing chamber 
79 put therebetween. A motor shaft 84 of an electric 
motor 34 mounted on the outer surface side of the first 
casing half 76 is rotatably supported by a first bearing 
portion 89 provided on the first casing half 76. Reduc- 
tion rollers 86, 87 and 88 are rotatably supported on the 
first casing half 76. The leading end of an output shaft 
1 1 5 with its base end portion fixed at the central portion 
of a closed end of a bowl-like outer ring 85 is rotatably 
supported by a second bearing portion 91 provided on 
the second casing half 77. A power transmission portion 
107 is provided on the output shaft 115 at a position 
between the outer ring 85 and second bearing portion 
91. 
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Description 

[0001] The present invention relates to an assist 
power transmission apparatus for a power assist vehicle 
in which a reduction roller type speed reducer is pro- s 
vided between an electric motor mounted in a casing 
supported by a body frame and a rotational drive shaft 
for imparting a rotational power to a drive wheel, 
wherein the reduction roller type speed reducer 
includes a motor shaft connected to the electric motor, a 10 
plurality of reduction rollers rotating in contact with the 
outer surface of the motor shaft, and an outer ring hav- 
ing the inner peripheral surface being in rolling-contact 
with the reduction rollers. 

[0002] Conventionally, such an assist power transmis- is 
sion apparatus has been already known, for example, 
from Japanese Patent Laid-open No. Hei 7-95744. In 
this apparatus, an electric motor is mounted to a casing 
in such a manner as to cover the opened end portion of 
the casing; a reduction roller type speed reducer is con- 20 
tained in the casing in such a manner as to be entirely 
covered with the casing; an outer ring of the reduction 
roller type speed reducer is fixed on the casing; carriers 
for supporting a plurality of reduction rollers rotating in 
contact with the outer peripheral surface of a motor 25 
shaft and the inner peripheral surface of the outer ring 
are connected via a one-way clutch to one end portion 
of an output shaft having an intermediate portion rotata- 
bly supported by the casing; and a gear for transmitting 
a power to the rotational drive shaft side is provided on 30 
the other end portion of the output shaft. 
[0003] In the above-described prior art reduction type 
speed reducer, it is necessary for the reduction rollers to 
be rotated in a state being certainly in contact with the 
outer surface of the motor shaft and the inner surface of 35 
the outer ring. In this regard, according to the above 
prior art speed reducer, since the electric motor is 
mounted on the casing; the outer ring is fixed on the 
casing; and the carriers for supporting the reduction roll- 
ers are supported, via the one-way clutch, by the output 40 
shaft rotatably supported by the casing at a position rel- 
atively closer to the reduction rollers, it is required to 
assemble the electric motor, outer ring and carriers in 
the casing at high assembling accuracies, thereby mak- 
ing poor the productivity. 45 
[0004] In view of the foregoing, the present invention 
has been made, and an object of the present invention 
is to provide an assist power transmission apparatus for 
a power assist vehicle, which is capable of desirably 
assembling a reduction roller type speed reducer for so 
transmitting an assist power from an electric motor at a 
relatively rough assembling accuracy, thereby improv- 
ing the productivity. 

[0005] To achieve the above object, according to an 
invention described in claim 1, there is provided an 55 
assist power transmission apparatus for a power assist 
vehicle in which a reduction roller type speed reducer is 
provided between an electric motor mounted to a casing 




519 A2 2 

supported by a body frame and a rotational drive shaft 
for imparting a rotational power to a drive wheel, the 
reduction roller type speed reducer including a motor 
shaft connected to the electric motor, a plurality of 
reduction rollers rotating in contact with the outer sur- 
face of the motor shaft, and an outer ring having the 
inner peripheral surface with which the reduction rollers 
are in rolling-contact, characterized in that first and sec- 
ond casing halves constituting at least part of the casing 
are connected to each other with a containing chamber 
put therebetween; the motor shaft of the electric motor 
mounted on the outer surface side of the first casing half 
projects in the containing chamber while being rotatably 
supported by a first bearing portion provided on the first 
casing half; roller shafts for rotatably supporting the 
reduction rollers are supported by the first casing half; 
the leading end of an output shaft with its base end por- 
tion fixed at the central portion of a closed end of the 
bowl-like outer ring opened toward the first casing half 
side is rotatably supported by a second bearing portion 
provided on the second casing half; and a power trans- 
mission portion for transmitting a power from the output 
shaft to the rotational drive shaft side is provided on the 
output shaft at a position between the outer ring and the 
second bearing portion. 

[0006] With this configuration, the motor shaft of the 
reduction roller type speed reducer is supported by the 
first bearing portion of the first casing half, and the out- 
put shaft is supported in a cantilever manner by the sec- 
ond bearing portion of the second casing half. Further, 
since the power transmission portion is provided on the 
output shaft at a position between the outer ring and the 
second bearing portion, the length between the outer 
ring and the second bearing portion, that is, the canti- 
lever supporting length of the output shaft is made 
longer. As a result, even if the electric motor, outer ring 
and reduction rollers are assembled in the casing at rel- 
atively rough assembling accuracies, the motor shaft 
and the output shaft being made large in axial length 
and supported in a cantilever manner can be slightly 
deflected, to allow the reduction rollers to be certainly in 
rolling-contact with the motor shaft and outer ring, 
thereby improving the productivity, 
[0007] According to an embodiment described in 
claim 2, the length from the axial center of the first bear- 
ing portion to the axial center of each of the reduction 
rollers is set to be larger than twice the outside diameter 
of a portion, in contact with the reduction rollers, of the 
motor shaft; and the length from the axial center of each 
of the reduction rollers to the axial center of the second 
bearing portion is set to be larger than half the inside 
diameter of the outer ring. With this configuration, even 
if the rollers of the reduction roller type speed reducer 
and the motor shaft are assembled in the casing at rel- 
atively rough assembling accuracies, the supporting 
length of the motor shaft and the cantilever supporting 
length of the output shaft can be both suitably set so 
that the influence of the rough assembling accuracies is 
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minimized at the connecting portion between the output 
shaft and the power transmission portion. 
[0008] As described above, according to the inven- 
tions described in claims 1 and 2, even rf the electric 
motor, outer ring and reduction rollers are assembled in s 
the casing at relatively rough assembling accuracies, 
the motor shaft and the output shaft being made large in 
axial length and supported in a cantilever manner can 
be slightly deflected, to allow the reduction rollers to be 
certainly in rolling-contact with the motor shaft and outer 10 
ring, thereby improving the productivity. 
[0009] Hereinafter, the mode for carrying out the 
present invention will be described by way of one 
embodiment of the present invention with reference to 
the accompanying drawings. is 

Fig. 1 is a side view of an electric power assist vehi- 
cle; 

Fig. 2 is an enlarged view of an essential portion 
shown in Fig. 1 ; 20 
Fig. 3 is a sectional view taken on line 3-3 of Fig. 2; 
Fig. 4 is an enlarged view of an essential portion 
shown in Fig. 3; 

Fig. 5 is a sectional view taken on line 5-5 of Fig. 4; 
Fig. 6 is a sectional view taken on line 6-6 of Fig. 4; 25 
Fig. 7 is an enlarged sectional view taken on line 7- 

7 of Fig. 5; 

Fig. 8 is an enlarged sectional view taken on line 8- 

8 of Fig. 2; 

Fig. 9 is an enlarged sectional view taken on line 9- 30 

9 of Fig. 8; 

Fig. 10 is a sectional view taken on line 10-10 of 
Fig. 9; 

Fig. 1 1 is a sectional view taken on line 11-11 of 
Fig. 4; 35 
Fig. 12 is a front view of an intermediate coupling 
member; 

Fig. 13 is a sectional view taken on line 13-13 of 
Fig. 4; 

Fig. 1 4 is a diagram showing a relative arrangement 40 
between first sensors and magnetic poles of a first 
magnetic ring. 

Fig. 15 is a diagram illustrating a detection pattern 
of the first sensor depending on a change in circum- 
ferential position relative to the first magnetic ring. 45 
Fig. 16 is a flow chart showing a procedure of con- 
trolling an electric motor by a control unit; 
Fig. 1 7 is a diagram illustrating detection patterns of 
the first and second sensors depending on relative 
rotation of the first and second magnetic rings; so 
Figs. 18a and 18b are diagrams illustrating detec- 
tion of a phase difference in a usual running state; 
and 

Figs. 19a to 19d are diagrams illustrating an axial 
deviation between the first and second magnetic 55 
rings. 

[0010] Referring to Figs. 1 to 3, a body frame 21 A of 



an electric motor assist bicycle as a power assist vehi- 
cle includes a head pipe 22 mounted at the front end of 
the body frame 21 A, a down pipe 23 extending rear- 
wardly, downwardly from the head pipe 22, a supporting 
pipe 24 fixed at the rear end of the down pipe 23 and 
extending right and (eft, and a seat post 25 rising 
upwardly from the supporting pipe 24. 
[0011] A front fork 26 is steerably supported by the 
head pipe 22. A front wheel WF is rotatably supported 
by the lower ends of the front fork 26, and a steering 
handle 27 is provided at the upper end of the front fork 
26. A rear wheel WR as a drive wheel is rotatably sup- 
ported between the rear ends of a pair of right and left 
forked portions of a rear fork 28 extending rearwardly 
from the seat post 25 provided at the rear portion of the 
body frame 21 A. A pair of right and left stays 29 are pro- 
vided between the upper portion of the seat post 25 and 
both the forked portions of the rear fork 28. 
[0012] A supporting shaft 31 with a seat 30 on the 
upper end is mounted on the seat post 25 in such a 
manner as to allow adjustment of the vertical position of 
the seat 30. A battery containing box 32 for removably 
containing a battery (not shown) is provided on the front 
portion of the seat post 25 at a position lower than that 
of the seat 30. 

[0013] A crank shaft 36 coaxially passes through the 
supporting pipe 24 of the body frame 21 A. Crank pedals 
37R and 37L are fixedly connected to the right and left 
ends of the crank shaft 36, respectively. Cover plates 
38R and 38L are provided at the right and left ends of 
the supporting pipe 24, respectively, in such a manner 
as to cover the right and left ends of the supporting pipe 
24 while allowing the crank shaft 36 to rotatably pass 
therethrough. A ball bearing 39 is provided between 
each of the cover plates 38 R and 38L and the crank 
shaft 36. That is to say, the crank shaft 36 is rotatably 
supported by the body frame 21 A. 
[0014] A power unit 35 having an electric motor 34 to 
which a power is supplied from a battery contained in 
the battery containing box 32 is disposed at the back of 
the supporting pipe 24. The power unit 35 is supported 
by the supporting pipe 24 and the right side forked por- 
tion of the rear fork 28. 

[001 5] An actuation force of the crank pedals 37R and 
37L provided at both the right and left ends of the crank 
shaft 36 is transmitted to a first rotating disk 40 in syn- 
chronization with rotation of the crank pedals 37R and 
37L. A first one-way clutch 41 for cutting off torque 
transmission from the first rotating disk 40 to the right 
side crank pedal 37R is provided between the crank 
pedal 37R and the first rotating disk 40. 
[0016] Referring to Figs. 4 to 6, the first one-way 
clutch 41 includes a clutch inner ring 42, a clutch outer 
ring 43, and a plurality, for example, three of rachet 
claws 44. The clutch inner ring 42 is integrally provided 
on the base end portion of the right side crank pedal 
37R in such a manner as to coaxially surround the crank 
shaft 36. The clutch outer ring 43 is provided in such a 
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manner as to coaxially surround the clutch inner ring 42. 
The rachet claws 44 are pivotably supported on the 
outer periphery of the clutch inner ring 42 and biased in 
the extension direction by an annular spring 45. Rachet 
teeth 46 with which the rachet claws 44 are to be 5 
engaged are formed on the inner periphery of the dutch 
outer ring 43. The inner periphery of the first rotating 
disk 40 is fixed on the outer periphery of the clutch outer 
ring 43. 

[001 7] Such a first one-way clutch 41 functions as fol- 10 
lows: namely, when the crank shaft 36 is normally 
rotated by actuating the crank pedals 37R and 37L, the 
actuation force of the crank pedals 37 R and 37 L is 
transmitted to the first rotating disk 40; while when the 
crank shaft 36 is reversely rotated by actuating the 75 
crank pedals 37R and 37L, the first one-way clutch 41 is 
slipped to allow reverse rotation of the crank shaft 36 
and not to allow transmission of torque from the first 
rotating disk 40 to the crank pedal 37R side. 
[001 8] A second rotating disk 48, which has a diame- 20 
ter larger than that of the first rotating disk 40, is dis- 
posed inside the first rotating disk 40 along the axial line 
of the crank shaft 36 in such a manner as to be adjacent 
to the first rotating disk 40 and to coaxially surround the 
crank shaft 36. The inner peripheral portion of the sec- 25 
ond rotating disk 48 is relatively rotatably disposed 
between the clutch inner ring 42 of the first one-way 
clutch 41 and a flange portion 50a of a cylindrical sup- 
porting member 50. The supporting member 50 is cou- 
pled, by thread-coupling or the like, to the inner so 
periphery of the clutch inner ring 42 in such a manner as 
to relatively rotatably surround the crank shaft 36. A 
ring-like retaining plate 49 is disposed outside the first 
rotating disk 40 along the axial line of the crank shaft 36 
in such a manner as to retain the outer peripheral por- 35 
tion of the first rotating disk 40 between the second 
rotating disk 48 and the same. 
[0019] Guide holes 51, each being arcuately elon- 
gated along a virtual circle centered on the axial line of 
the crank shaft 36, are formed in the first rotating disk 40 40 
at a plurality, for example, four of positions which are 
located near the outer periphery of the first rotating disk 
40 in such a manner as to be spaced at equal intervals 
along the circumferential direction. Cylindrical collars 
52, passing through the associated guide holes 51 , are 45 
disposed between the second rotating disk 48 and 
retaining plate 49. The second rotating disk 48 and 
retaining plate 49 are connected to each other with riv- 
ets 53 passing through the associated collars 52. 
Accordingly, the second rotating disk 48 and retaining so 
plate 49 can be rotated relative to the first rotating disk 
40 in such a range that the collars 52 are movable in the 
guide holes 51. Rust-prevention films (not shown) for 
preventing occurrence of rust are stuck on facing planes 
of the first rotating disk 40 and each of the second rotat- 55 
ing disk 48 and retaining plate 49. 
[0020] First containing holes 54, each of which is elon- 
gated relatively longer in the circumferential direction of 
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the first rotating disk 40, are provided in the first rotating 
disk 40 at a plurality, for example, six of positions 
spaced at intervals in the circumferential direction of the 
first rotating disk 40. First restricting holes 55 and 56 
corresponding to the first containing holes 54 of the first 
rotating disk 40 are also provided in the second rotating 
disk 48 and retaining plate 49, respectively. Coil springs 
57 are each contained in a space formed by one of the 
first containing holes 54 and the associated first restrict- 
ing holes 55 and 56. When the first rotating disk 40 is 
not rotated relative to the second rotating disk 48 and 
retaining plate 49, both ends of each coil spring 57 are 
in contact with both ends of each of the associated first 
containing hole 54 and first restricting holes 55 and 56. 
On the other hand, when an operational force supplied 
from the crank pedals 37R and 37L is inputted into the 
first rotating disk 40 and the first rotating disk 40 is 
rotated relative to the second rotating disk 48 and 
retaining plate 49 in the direction shown by an arrow 58 
in Fig. 6, one end of each coil spring 57 is left in contact 
with one end of the associated first containing hole 54, 
but the other end thereof is pushed by the other end of 
each of the associated first restricting holes 55 and 56 
and is separated from the other end of the associated 
first containing hole 54. That is to say, the first rotating 
disk 40 is rotated relative to the second rotating disk 48 
and retaining plate 49 while compressing the coil 
springs 57. 

[0021] To hold the containing state of the coil springs 
57 in the spaces formed by the first containing holes 54 
and first restricting holes 55 and 56, the second rotating 
disk 48 is provided with pairs of holding walls 55a, each 
pair extending obliquely from both side edges of each 
first restricting hole 55 substantially along the outer 
periphery of the associated coil spring 57; while the 
retaining plate 49 is provided with pairs of holding walls 
56a, each pair extending obliquely from both side edges 
of each first restricting hole 56 substantially along the 
outer periphery of the associated coil spring 57. 
[0022] Referring to Figs. 5, 6 and 7, second containing 
holes 60, each of which is elongated relatively longer in 
the circumferetial direction of the first rotating disk 40, 
are provided in the first rotating disk 40 at a plurality, for 
example, two of positions spaced 180° in the circumfer- 
ential direction of the first rotating disk 40. Second 
restricting holes 61 and 62 corresponding to the second 
containing holes 60 are provided in the second rotating 
disk 48 and restricting plate 49, respectively. 
[0023] Coil-like counter springs 63 are each contained 
in a space formed by one of the second containing 
holes 60 and the associated second restricting holes 61 
and 62. In a state in which an operational force supplied 
from the crank pedals 37R and 37L is not inputted into 
the first rotating disk 40, the second restricting holes 61 
and 62 are offset from the second containing holes 60 in 
the circumferential direction of the first rotating disk 40, 
so that each counter spring 63 is contracted between 
one-sided end of the associated second containing hole 
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60 and the other-sided ends of the associated second 
restricting holes 61 and 62. Accordingly, in the state in 
which an operational force is not inputted into the first 
rotating disk 40, the counter springs 63 exhibit spring 
forces biasing the first rotating disk 40 in the direction 5 
reversed to that shown by the arrow 58 in Fig. 6, and as 
the first rotating disk 40 is rotated relative to the second 
rotating disk 48 and retaining plate 49 in the direction 
shown by the arrow 58, the spring loads of the counter 
springs 63 become small. 

[0024] Even if a plurality, for example, six of the coil 
springs 57 have variations in setting loads, the counter 
springs 63 act to make constant an operational input 
into the first rotating disk 40 when the first rotating disk 
40 starts to be rotated relative to the second rotating 
disk 48 and retaining plate 49 in the direction shown by 
the arrow 58. 

[0025] The first rotating disk 40 and retaining plate 49 
are covered with a cover 64 which is joined to the inner 
peripheral portion of the retaining plate 49 with a plural- 
ity, for example, four of clips 67. A lip portion 65a pro- 
vided on the outer peripheral side of an annular elastic 
sealing member 65 mounted on the clutch outer ring 43 
of the first one-way clutch 41 is elastically in contact with 
the inner surface of the inner peripheral portion of the 
cover 64, and a lip portion 65b provided on the inner 
peripheral side of the elastic sealing member 65 is elas- 
tically in contact with the clutch inner ring 42. A space 
formed between the clutch inner ring 42 and clutch 
outer ring 43 of the first one-way clutch 41 is filled with 
grease 66 and is sealed with the lip portion 65b. 
[0026] A pedal sprocket 68 is provided on the outer 
periphery of the second rotating disk 48 projecting out- 
wardly from the cover 64. An endless chain 71 is wound 
around the pedal sprocket 68, a drive sprocket 69 driven 
by the power unit 35, and a driven sprocket 70 provided 
on the axle of the rear wheel WR. A sprocket 73 of a 
tensioner 72 for imparting a tensile force to the chain 71 
meshes with the chain 71 at a position between the 
drive sprocket 69 and driven sprocket 70. 
[0027] The actuation force of the crank pedals 37 R 
and 37L, which has been transmitted to the first rotating 
disk 40 via the first one-way clutch 41 , is transmitted to 
the second rotating disk 48, that is, the pedal sprocket 
68 while compressing the coil springs 57, and is further 
transmitted to the rear wheel WR via the chain 71 and 
driven sprocket 70. On the other hand, an assist power 
supplied from the power unit 35 to the drive sprocket 69 
is transmitted to the rear wheel WR via the chain 71 and 
driven sprocket 70. A torque due to the assist power 
supplied from the power unit 35 is not transmitted to the 
crank pedals 37R and 37L by the action of the first one- 
way clutch 41. 

[0028] Referring to Fig. 8, a casing 75 of the power 
unit 35 includes a left casing half 76 as a first casing 
half, a right casing half 77 as a second casing half, and 
a cover 78. The right casing half 77 is joined to the left 
casing half 76 with a first containing chamber 79 put 
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therebetween. The cover 78 is joined to the left casing 
half 76 with a second containing chamber 80 put there- 
between. 

[0029] The second containing chamber 80 contains 
the electric motor 34 having a rotational axial line paral- 
lel to that of the crank shaft 36. The electric motor 34 is 
fixedly supported by the left casing half 76. The output 
of the electric motor 34 is transmitted to the drive 
sprocket 69 via a reduction roller type speed reducer 
81, a reduction gear train 82 and a second one-way 
clutch 83 in order to assist the actuation force of the 
crank pedals 37R and 37L. 

[0030] Referring to Figs. 8 and 9, the reduction roller 
type speed reducer 81 includes a motor shaft 84 of the 
electric motor 34, a bowl-like outer ring 85 surrounding 
the motor shaft 84, and a plurality, for example, three of 
reduction rollers 86, 87 and 88 rolling in contact with 
both the outer surface of the motor shaft 84 and inner 
surface of the outer ring 85. The speed reducer 81 has 
a function of speed-reducing an assist power generated 
by the electric motor 34 without occurrence of noise and 
transmitting the assist power thus speed-reduced onto 
the reduction gear train 82 side. 
[0031 ] The motor shaft 84 is rotatably supported by a 
cylindrical first bearing portion 89 provided on the left 
casing half 76 via a ball bearing 90, and the end portion 
of the motor shaft 84 projects from the second contain- 
ing chamber 80 onto the first containing chamber 79 
side. The outer ring 85 is disposed in the first containing 
chamber 79 in such a manner as to surround the end 
portion of the motor shaft 84 projecting onto the first 
containing chamber 79 side. The base end portion of an 
output shaft 115 is coaxially fixed at the center of the 
closed end portion of the bowl-like outer ring 85. A cylin- 
drical second bearing portion 91 corresponding to the 
leading end of the output shaft 1 15 is provided on the 
right casing half 77, and the leading end of the output 
shaft 1 1 5 is rotatably supported by the second bearing 
portion 91 via a ball bearing 92. 
[0032] The reduction rollers 86, 87 and 88 are rotata- 
bly supported by roller shafts 93, 94 and 95 via needle 
bearings 96, 97 and 98, respectively. One-ends of the 
roller shafts 93 to 95 are supported by the left casing 
half 77, and the other ends of the roller shafts 93 to 95 
are supported by a supporting plate 99. The supporting 
plate 99 is fastened, by means of screw members 101 , 
to boss portions 100 each of which is integrally provided 
on the left casing half 77 at a position between two adja- 
cent ones of the reduction rollers 86, 87 and 88. 
[0033] Of the reduction rollers 86 to 88, each of the 
reduction rollers 86 and 87 is supported by the left cas- 
ing half 77 and supporting plate 99 in such a manner 
that the contact position of each of the reduction rollers 
86 and 87 with the motor shaft 84 along the circumfer- 
ential direction of the motor shaft 84 is kept fixed. Fitting 
holes 102 with their bottoms closed, to each of which 
one end of the associated one of the roller shafts 93 and 
94 of the reduction rollers 86 and 87 is to be fitted, are 
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provided in the left casing halt 77. 
[0034] Of the reduction rollers 86 to 88, the reduction 
roller 88 is supported by the left casing half 77 and sup- 
porting plate 99 in such a manner that the contact posi- 
tion of the reduction roller 88 with the motor shaft 84 s 
along the circumferential direction of the motor shaft 84 
is made variable within an allowable range in order for 
the reduction roller 88 to be moved and bitten between 
the motor shaft 84 and outer ring 85 by frictional 
engagement with the motor shaft 84 upon rotation of the 
motor shaft 84. 

[0035] Referring to Figs. 8 and 10, a fitting hole 103 
with its bottom dosed, to which one end of the roller 
shaft 95 of the reduction roller 88 is to be fitted, is 
formed in the left casing half 77. The fitting hole 103 is 
elongated substantially along the circumferential direc- 
tion of the motor shaft 84. In the fitting hole 103, one end 
of a pressing pin 104 is in contact with the side surface 
of the roller shaft 95. A spring 105 for biasing the press- 
ing pin 104 in the direction of bringing the pressing pin 
104 into contact with the roller shaft 95 is provided 
between the pressing pin 104 and the left casing half 
77. The reduction roller 88 is biased by the spring force 
of the spring 105 in the direction in which such a reduc- 
tion roller 88 is bitten between the motor shaft 84 and 
outer ring 85. 

[0036] With respect to the reduction rollers 86 to 88, 
the outside diameters of the reduction rollers 86 and 88 
are identical to each other, while the outside diameter of 
the reduction roller 87 is larger than that of each of the 
reduction rollers 86 and 88. Accordingly, the axial line of 
the output shaft 1 15 is eccentric to the axial line of the 
motor shaft 84. 

[0037] With the reduction roller type speed reducer 81 
having the above configuration, when the motor shaft 84 
is rotated in the direction shown by an arrow 106 in Fig. 
9 by operation of the electric motor 34, the reduction 
roller 88 is bitten between the motor shaft 84 and outer 
ring 85 to thus exhibit the wedge action. As a result, the 
contact surface pressures between the reduction rollers 
86 to 88 and the motor shaft 84 and between the reduc- 
tion rollers 86 to 88 and the outer ring 85 are increased, 
so that the output torque from the motor 34 is transmit- 
ted from the motor shaft 84 to the output shaft 1 1 5 via 
the reduction rollers 86 to 88 and the outer ring 85. At 
this time, the periphery of the motor shaft 84 is 
restricted in the three directions by the reduction rollers 
86 to 88, so that a force proportional to the drive torque 
of the electric motor 34 acts between the reduction roll- 
ers 86 to 88 and the motor shaft 84, whereby vibration 
caused by the electric motor 34 can be damped by the 
reduction roller type speed reducer 81 . 
[0038] The reduction gear train 82 is composed of a 
drive gear 107 as a power transmitting portion, and a 
driven gear 108 meshing with the drive gear 107. The 
drive gear 107 is integrally provided on the output shaft 
115 at a position between the second bearing portion 
91 of the right casing half 77 and the outer ring 85. 
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[0039] Incidentally, in the above-described reduction 
roller type speed reducer 81, the motor shaft 84 is sup- 
ported by the first bearing portion 89 of the left casing 
half 76 via the ball bearing 90, while the output shaft 

1 15 is supported in a cantilever manner by the second 
bearing portion 91 of the right casing half 77 via the ball 
bearing 92. Here, a length LA from the center of the ball 
bearing 90 to the axial center of each of the reduction 
rollers 86 to 88 is set to be larger than twice an outside 
diameter DA of a portion, in contact with each of the 
reduction rollers 86 to 88, of the motor shaft 84 
(LA>DAx2), and a length LB from the axial center of 
each of the reduction rollers 86 to 88 to the axial center 
of the ball bearing 92 is set to be larger than half an 
inside diameter DB of the outer ring 85 (LB>DBx1/2 ). 
[0040] With such a dimensional setting, even if the 
reduction rollers 86 to 88 of the reduction roller type 
speed reducer 81 are assembled with the motor shaft 
84 at relatively rough accuracies, the supporting length 
from the ball bearing 90 to the motor shaft 84 and the 
cantilever-supporting length from the ball bearing 92 to 
the output shaft 1 1 5 can be each suitably set so that the 
effect of the above relatively rough assembly is mini- 
mized at the meshing portion between the drive gear 
107 of the output shaft 1 1 5 and the driven gear 108. 
[0041 ] The driven gear 1 08 of the reduction gear train 
82 is disposed in such a manner as to coaxial I y sur- 
round a rotational drive shaft 109. The rotational drive 
shaft 109 is rotatably supported by the right casing half 
77 via a ball bearing 1 1 0 and also rotatably supported 
by the left casing half 76 via a ball bearing 111. The 
drive sprocket 69 is fixed at the end portion, projecting 
from the right casing half 77, of the rotational drive shaft 
109. 

[0042] A ball bearing 1 12 and the second one-way 
clutch 83 are provided between the rotational drive shaft 
1 09 and driven gear 108. The second one-way clutch 83 
has a clutch outer ring 113 integrally provided on the 
driven gear 108 and a clutch inner ring 114 integrally 
provided on the rotational drive shaft 1 09. The configu- 
ration of the second one-way clutch 83 is the same as 
that of the first one-way clutch 41 . The second one-way 
clutch 83 allows transmission of a torque, which has 
been generated by operation of the electric motor 34 
and speed-reduced by the reduction roller type speed 
reducer 81 and reduction gear train 82, to the rotational 
drive shaft 109, that is, the drive sprocket 69; while it 
allows, when the operation of the electric motor 34 is 
stopped, idling of the rotational drive shaft 109 in order 
not to obstruct the rotation of the drive sprocket 69 by 
the actuation force of the crank pedals 37R and 37L. 
[0043] Incidentally, the casing 75 is supported by the 
supporting pipe 24 of the body frame 21 A and the right 
side forked portion of the rear fork 28 in such a manner 
that the electric motor 34 is disposed behind, under the 
crank shaft 36. To be more specific, a hanger portion 
117 provided on the casing 75 is fastened to a bracket 

1 16 fixed on the right side forked portion of the rear fork 
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28, and a hanger portion 119 provided on the casing 75 
is fastened to a bracket 1 1 8 fixed on the supporting pipe 
24. 

[0044] The tensioner 72 for stretching the chain 71 is 
mounted on the casing 75 at a position offset reawardly, s 
obliquely downwardly from the drive sprocket 69. The 
tensioner 72 includes a lever 122, the sprocket 73, and 
a spring 123. The lever 122 is supported at its base end 
portion by the casing 75 in such a manner as to be 
swingable around the axial line parallel to the drive 10 
sprocket 69. The sprocket 73 is rotatably supported at 
the leading end of the lever 122. The spring 123 is 
adapted to bias the lever 122 in the direction of stretch- 
ing the chain 71 meshing with the sprocket 73. 
[0045] A control unit 124 is contained in the second is 
containing chamber 80 at the side of the electric motor 
34. The control unit 124 includes an aluminum board 
125 mounted on the left casing half 76; a printed wiring 
board 126 mounted on the left casing half 76 with a gap 
put between the aluminum board 125 and the same; a 20 
FET 127 and the like arranged on the aluminum board 
125; and a capacitor 128, a relay 129, a CPU 130, and 
the like arranged on the printed wiring board 126. The 
operation of the electric motor 34 is controlled by the 
control unit 1 24. 25 
[0046] Referring again to Fig. 4, a first magnetic ring 

131 rotating with the first rotating disk 40 is disposed 
opposite to the first rotating disk 40 with respect to the 
second rotating disk 48, and a second magnetic ring 

1 32 rotating with the second rotating disk 48 is disposed 30 
at a position where the first magnetic ring 131 is put 
between the second magnetic ring 132 and the second 
rotating disk 48. That is to say, the first and second mag- 
netic rings 131 and 132 are axialty arranged on one side 

of the first and second rotating disks 40 and 48 in the 35 
axial direction. 

[0047] Referring to Fig. 1 1 , the first magnetic ring 131 
is formed by providing a plurality of N -poles 131 N and a 
plurality of S-poles 131 S, which are alternately, adja- 
cently arranged in the circumferential direction into a 40 
ring shape, on an elastically deformable first retaining 
member 1 33 made from a synthetic resin or the like. To 
be more specific, 60 pieces of the N-poles 1 31 N and 60 
pieces of the S-poles 131S are alternately arranged on 
the first retaining member 133 with a center angle of 3° 45 
set between one N-pole 131N and the adjacent S-pole 
131S. 

[0048] The first retaining member 1 33 includes a cylin- 
drical supporting portion 133a on the inner periphery of 
which the N-poles 131N and S-poles 131S are pro- so 
vided, and a pair of engagement claws 133b extending 
from the supporting portion 1 33a onto the first rotating 
disk 40 side. Both the engagement claws 133b are 
formed so as to be branched in the circumferential 
direction of the supporting portion 133a and are dis- ss 
posed along one diameter line of the supporting portion 
133a. 

[0049] Through -holes 1 34 are provided in the second 



rotating disk 48 adjacent to the first magnetic ring 131 at 
a plurality, for example, four of positions spaced at equal 
intervals in the circumferential direction of the second 
rotating disk 48. A pair of through-holes 135, which 
allow both the engagement claws 133b already passed 
through two of the through-holes 134 to pass there- 
through, are provided in the first rotating disk 40. 
[0050] On the other hand, a synthetic resin made 
intermediate coupling member 136 shown in Fig. 12 is 
disposed inwardly from the retaining plate 49 at a posi- 
tion between the first rotating disk 40 and cover 64. The 
intermediate coupling member 136 integrally includes a 
ring portion 136a disposed in such a manner as to sur- 
round the elastic sealing member 65, a pair of first lugs 
136b projecting outwardly from the outer periphery of 
the ring portion 1 36a along one diameter line of the ring 
portion 136a, and a pair of second lugs 136c projecting 
outwardly from the outer periphery of the ring portion 
136a along another diameter line perpendicular to the 
above diameter line along which the first lugs 136b are 
disposed. The first lugs 135b have engagement holes 
137 into which the engagement claws 133b projecting 
through the though-holes 135 of the first rotating disk 40 
are to be elastically engaged. The second lugs 1 36c are 
integrally provided with two engagement claws 138 
branched in the circumferential direction of the ring por- 
tion 136a, which engagement claws project onto the 
first rotating disk 40 side. Engagement holes 1 39 into 
which the engagement claws 138 are to be elastically 
engaged are provided in the first rotating disk 40. 
[0051] The engagement claws 133b of the first retain- 
ing member 133 and the engagement claws 138 of the 
intermediate coupling member 136 are flexible because 
each of the first retaining member 133 and intermediate 
coupling member 136 is made from a synthetic resin. 
The intermediate coupling member 136 is coupled to 
the first rotating disk 40 in such a manner as to be mov- 
able in an allowable range in the direction along one 
diameter line of the first rotating disk 40, and the first 
retaining member 133 of the first magnetic ring 131 is 
coupled to the intermediate coupling member 136 in 
such a manner as to be movable in an allowable range 
in the direction perpendicular to the above diameter 
line. That is to say, the intermediate coupling member 
136 couples the first rotating disk 40 to the first retaining 
member 133 in an Oldham' coupling manner. 
[0052] Since the first and second rotating disks 40 and 
48 are relatively rotated, the through-holes 134 pro- 
vided in the second rotating disk 48 are elongated rela- 
tively longer in the circumferential direction of the 
second rotating disk 48 so that the engagement claws 
133b are not brought into contact with both sides of the 
through-holes 134 in the circumferential direction when 
the first and second rotating disks 40 and 48 are rela- 
tively rotated. 

[0053] Referring to Figs. 4 and 13, the second mag- 
netic ring 132 is formed by providing a plurality of N- 
poles 132N and a plurality of S-poles 132S, which are 
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alternately, adjacently arranged in the circumferential 
direction into a ring shape, on an elastically deformable 
second retaining member 140 made from a synthetic 
resin or the like. To be more specific, the N-poles 132N 
and S-poles 132S are alternately arranged on the sec- 5 
ond retaining member 140 with the same center angle 
as that for the N-poles 131 N and S-poles 131S of the 
first magnetic ring 131 set between one N-pole 132N 
and the adjacent S-pole 132S. 

[0054] The second retaining member 140 integrally 10 
includes a cylindrical supporting portion 140a; a cover 
portion 140b; a plurality, for example, four of contact 
legs 140c; and two engagement claws 140d. The sup- 
porting portion 140a has the N-poles 132N and S-poles 
1 32S provided on the inner periphery thereof. The cover 15 
portion 140b projects radially outwardly from the sup- 
porting portion 140a in such a manner as to cover the 
portions corresponding to the restricting holes 55 of the 
second rotating disk 48 on the side opposed to the first 
rotating disk 40. The contact legs 1 40c project from the 20 
cover portion 140b in such a manner as to be brought 
into contact with the second rotating disk 48. The 
engagement claws 140d are provided on the cover por- 
tion 140b at four positions spaced at equal intervals in 
the circumferential direction in such a manner as to 25 
project from the cover portion 140b onto the second 
rotating disk 48 side. 

[0055] On the other hand, engagement holes 141 into 
which the engagement claws 140d are to be elastically 
engaged are provided in the second rotating disk 48 at 30 
a plurality, for example, four of positions spaced in the 
circumferential direction, and the second retaining 
member 140 of the second magnetic ring 132 is elasti- 
cally engaged with the second rotating disk 48. Open- 
ings 142 in which the end portions of the engagement 35 
claws 140d engaged in the engagement holes 141 are 
to be located are provided in the first rotating disk 40. 
Since the first and second rotating disks 40 and 48 are 
relatively rotated, each of the openings 142 is elongated 
relatively longer in the circumferential direction of the 40 
first rotating disk 40 so that the associated engagement 
claw 140d is not brought into contact with both sides of 
the opening 142 in the circumferential direction when 
the first and second rotating disks 40 and 48 are rela- 
tively rotated. 45 
[0056] A circular recess 143 is provided in an inner 
peripheral portion, on the second rotating disk 48 side, 
of the supporting portion 140a of the second retaining 
member 140, and the supporting portion 133a of the 
first retaining member 133 is inserted in the recess 143. so 
Projections 144 to be in slide-contact with the inner sur- 
face of the recess 143 are integrally provided on the 
outer surface of the supporting portion 133a of the first 
retaining member 133 at a plurality, for example, four of 
positions spaced at equal intervals in the circumferential ss 
direction. As a result, the outer periphery of the support- 
ing portion 133a of the first retaining member 133 is in 
contact with the inner periphery of the supporting por- 
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tion 140a of the second retaining member 140 at the 
plurality of positions spaced in the circumferential direc- 
tion. 

[0057] On the inward side from the first magnetic ring 
131, first sensors 145A for detecting the N-poles 131N 
and S-poles 131 S provided on the inner periphery of the 
first magnetic ring 131 are provided at a plurality, for 
example, four of positions spaced at equal intervals in 
the circumferential direction, and a single first sensor 
145B for detecting the N-poles 131N and S-poles 131S 
is disposed in such a manner as to be spaced 1 80° from 
one of the first sensors 145A in the circumferential 
direction. Meanwhile, on the inward side from the sec- 
ond magnetic ring 132, second sensors 146A for detect- 
ing the N-poles 132N and S-poles 132S provided on the 
inner periphery of the second magnetic ring 132 are 
provided at a plurality, for example, four of positions 
spaced at equal intervals in the circumferential direc- 
tion, and a single second sensor 146B for detecting the 
N-poles 132N and S-poles 132S is disposed in such a 
manner as to be spaced 180° from one of the second 
sensors 146A in the circumferential direction. 
[0058] As each of the first and second sensors 1 45A, 
145B, 146 A and 146B, there may be any sensor for 
detecting a magnetic pole, for example, a Hall element 
or MR element. 

[0059] The first sensors 145A and MSB and second 
sensors 146A and 146B are buried in a base member 
147 made from a synthetic resin, and the base member 
147 is supported by the supporting pipe 24 of the body 
frame 21 A. A supporting plate 149, having the outer 
periphery which is brought into contact with and 
engaged with the inner periphery of the first retaining 
member 131 , is mounted on the base member 147. The 
supporting plate 149 prevents movement of the first 
retaining member 131 onto the second rotating disk 48 
side. 

[0060] Referring to Fig. 14, while the N-poles 131 N 
and S-poles 131 S are arranged with a center angle of 3° 
set between the two adjacent ones thereof, four of the 
first sensors 145A are buried in the base member 147 in 
such a manner as to be spaced at equal intervals of 
6.75°. With this arrangement of the first sensors 145A 
relative to the N-poles 131 N and S-poles 131S, if the 
first magnetic ring 131 is angularly displaced relative to 
the fixed first sensors 1 45A in the direction shown by an 
arrow in Fig. 14, the combination pattern of signals 
detected by four of the first sensors 145A differs for 
each of first to eighth stages ST1 to ST8 which are set 
for each angular displacement of 0.75°. 
[0061] Here, four of the first sensors 145 A are num- 
bered No. 1 to No. 4 in the arrangement order, and it is 
assumed that each first sensor 145A outputs a high 
level signal upon detection of the N-pole 131N. In this 
case, the first sensors 145A (No. 1 to No. 4) output sig- 
nals shown in Fig. 1 5 for each of the stages ST1 to ST8. 
That is to say, assuming that the high level signal is 
taken as [1] and the low level signal is taken as [0], at 
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the first stage ST1, the combination of the output sig- 
nals from the first sensors 145A is [1 1 1 1] in binary form 
(OF in hexadecimal form); at the second stage ST2, the 
combination of the output signals from the first sensors 
145 A is [1110] in binary form (OE in hexadecimal form); 5 
at the third stage ST3, the combination of the output sig- 
nals from the first sensors 1 45A is [1 100] in binary form 
(OC in hexadecimal form); at the fourth stage ST4, the 
combination of the output signals from the first sensors 
145A is [1 000] in binary form (08 in hexadecimal form); 70 
at the fifth stage ST5, the combination of the output sig- 
nals form the first sensors 145A is [0000] in binary form 
(00 in hexadecimal form); at the sixth stage ST6, the 
combination of the output signals from the first sensors 
145A is [0001] in binary form (01 in hexadecimal form); 
at the seventh stage ST7, the combination of the output 
signals from the first sensors 145A is [0011] in binary 
form (03 in hexadecimal form); and at the eighth stage 
ST8, the combination of the output signals from the first 
sensors 145A is [01 1 1] in binary form (07 in hexadeci- 20 
mal form). 

[0062] Four pieces of the second sensors 146A are 
buried in the base member 147 in such a manner that 
the relative positional relationship between the second 
sensors 146A and the N-poles 132N and S -poles 132S 25 
of the second magnetic ring 132 is the same as the rel- 
ative positional relationship between the first sensors 
145A and the N-poles 131N and S-poIes 131S of the 
first magnetic ring 131. Like four of the first sensors 
145A, when the second magnetic ring 132 is angularly 30 
displaced relative to the fixed second sensors 146A, the 
combination pattern of signals detected by four of the 
second sensors 1 46A differs for each angular displace- 
ment changed from the first to eighth stages ST1 to 
ST8. 35 
[0063] Accordingly, if the maximum value of a rota- 
tional phase difference between the first and second 
rotating disks 40 and 48 is within a range of the eighth 
stage ST8 (8x0.75° = 6°), respective combination pat- 
terns of the signals detected by the first and second 40 
sensors 145A and 146A are varied depending on the 
rotational phase difference caused by applying an input 
torque to the crank pedals 37R and 37l_ so that the con- 
trol unit 124 can decide the rotational phase difference 
between both the rotating disks 40 and 48. 45 
[0064] The signals detected by the first and second 
sensors 145A and 146A are inputted in the control unit 
124, and the control unit 124 controls the operation of 
the electric motor 34 on the basis of the signals 
detected by the first and second sensors 145A and so 
146A in accordance with a control procedure shown in 
Fig. 16. 

[0065] Referring to Fig. 16, a vehicular speed is first 
calculated at Step S1 . At Step S2, it is decided whether 
or not the vehicular speed is a setting vehicular speed ss 
VS or more. The vehicular speed VS for decision crite- 
rion is previously set at a value near [0], for example, in 
a range of 0.5 to 1 km/h in order to decide whether or 
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not the electric power assist bicycle is substantially in 
the stoppage state before running upon start of actua- 
tion of the crank pedals 37R and 37L If rt is decided that 
the vehicular speed is less than the setting vehicular 
speed VS, that is, the crank pedals 37 R and 37L start to 
be actuated, the process goes on to Step S3. 
[0066] At Step S3, the outputs of four of the first sen- 
sors 145A are read, and at Step S4, the detection pat- 
tern of four of the first sensors 1 45A is calculated. Then, 
at Step S5, the outputs of four of the second sensors 
146A are read, and at Step S6, the detection pattern of 
four of the second sensors 146A is calculated. At Step 
S7, a phase difference between the first and second 
magnetic rings 131 and 132, that is, a rotational phase 
difference between the first and second rotating disks 
40 and 48 is calculated by the combination of the detec- 
tion patterns of the first sensors 145A and second sen- 
sors 146A. 

[0067] Here, it is assumed that the output signals from 
the first sensors 145A (No. 1 to No. 4) and the output 
signals from the second sensors 146A (No. 1 to No. 4) 
obtained in a state in which a rotational phase differ- 
ence occurs between both the rotating disks 40 and 48 
depending on the inputted torque, are as shown in Fig. 
17. In this case, at a detection timing T1, the detection 
pattern of the first sensors 145A is [0E] (hexadecimal 
form) while the detection pattern of the second sensors 
146 A is [07] (hexadecimal form). Accordingly, the detec- 
tion pattern of the first sensors 145A exhibits that at the 
second stage ST2 while the detection pattern of the 
second sensors 146A exhibits that at the eighth stage 
ST8, so that a rotational phase difference between both 
the rotating disks 40 and 48 is an angular displacement 
of stages (2 - 8 = -6), which is followed by complemen- 
tary operation based on the fact that the number of the 
stages is [8], with a result that the rotational phase dif- 
ference becomes an angular displacement of two 
stages (0.75° + 0.75° = 1.5°). At a detection timing T2, 
the detection pattern of the first sensors 145A is [00] 
(hexadecimal form) while the detection pattern of the 
second sensors 146A is [08] (hexadecimal form). That 
is to say, the detection pattern of the first sensors 145A 
exhibits that at the fifth stage ST5 while the detection 
pattern of the second sensors 146A exhibits that at the 
fourth stage ST4, with a result that a rotational phase 
difference between both the rotating disks 40 and 48 is 
an angular displacement of stages (5-4=1), that is, the 
rotational phase difference becomes an angular dis- 
placement of one stage (0.75°). 
[0068] In this way, when a torque being in a range of 
one-eighth to two-eighth the detectable maximum 
torque is inputted, at Step S7, a rotational phase differ- 
ence equivalent to an angular displacement of one 
stage or two stages is obtained in digital form at a 
selected detection timing by the combination of the 
detection patterns of the first sensors 145A and second 
sensors 146A. Then, at Step S8, an input torque is 
obtained by multiplying the above rotational phase dif- 
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ference by the spring constant of the coil springs 57 pro- 
vided between the first and second rotating disks 40 
and 48. 

[0069] At Step S9, a motor control amount depending 
on the input torque obtained at Step S8 is determined, s 
In this case, since the operation of the electric motor 34 
is subjected to duty control, the duty control amount of 
the electric motor 34 is calculated at Step S9, and at 
Step S10, the control amount is outputted. 
[0070] The procedure of Steps S1 to S10 is carried 10 
out for detection of an input torque upon start of actua- 
tion of the crank pedals 37R and 37L and for control of 
operation of the electric motor 34 based on the input 
torque thus detected. When the electric power assist 
bicycle comes to be in the usual running state, a proce- is 
dure of Steps S1 1 to $17 is carried out, followed by the 
procedure of Steps S8 to S10. To be more specific, at 
Step S2, if it is decided that the vehicular speed is equal 
to or more than the setting vehicular speed VS, the 
process is shifted from Step 2 to Step S1 1 . At Step S1 1 , 20 
it is decided whether or not the output of No. 1 of four of 
the first sensors 145A becomes the high level. If YES, 
the counting by a timer starts at Step S12. 
[0071] At Step SI 3, it is decided whether or not the 
output of No. 1 of four of the second sensors 146A 25 
becomes the high level. If YES, the count T by the timer 
is stored at Step S14. Then, at Step S15, it is decided 
whether or not the output of No. 1 of four of the first sen- 
sors 145A becomes the high level again. If YES, a count 
'T by the timer is stored and the timer is reset at Step 30 
S16. 

[0072] In the above procedure of Steps S1 1 to S16, 
the output of the first sensor 145A (No. 1) is, for exam- 
ple, as shown in Fig. 18(a) and the output of the second 
sensor 146A (No. 1) is, for example, as shown in Fig. 35 
18(b). In this case, the count T designates a deviation 
in output between the first and second sensors 145A 
(No. 1) and 146A (No. 1), and the count "T designates 
a detection cycle of the first sensor 1 45 A (No. 1). 
[0073] At Step S17, t/T is calculated. In this way, a 40 
phase difference between the first and second magnetic 
rings 131 and 132, that is, a phase difference between 
the first and second rotating disks 40 and 48 is obtained 
as the analog value t/T at Step S1 7. After that, the con- 
trol of operation of the electric motor 34 in the usual run- as 
ning state of the electric power assist bicycle is carried 
out under the above-described procedure of Steps S8 
toS10. 

[0074] A coupler portion 150 for taking out signals 
from the sensors 145A, 145B, 146A and 146B is inte- so 
grally provided on the base member 147. A labyrinth 
structure 151 is provided between the first and second 
magnetic rings 131 and 132 and the base member 147. 
An annular sealing member 152 to be in slide-contact 
with the second magnetic ring 132 is provided on the ss 
base member 147, and an annular sealing member 153 
to be slide-contact with the base member 147 is held 
between a cover plate 38R screwed in the right end of 
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the supporting pipe 24 and the supporting pipe 24. 
[0075] Next, the function of this embodiment will be 
described. When a driver actuates the crank pedals 
37R and 37L for moving the electric power assist bicy- 
cle, the actuation force of the crank pedals 37 R and 37L 
is transmitted to the pedal sprocket 68 via the first one- 
way clutch 41 , first rotating disk 40, coil springs 57 and 
second rotating disk 48, and further the power is trans- 
mitted to the rear wheel WR via the chain 71 and driven 
sprocket 70. 

[0076] The actuation force of the crank pedals 37R 
and 37L causes a rotational phase difference while 
compressing the coil springs 57 between the first and 
second rotating disks 40 and 48. At this time, the control 
unit 124 calculates an input torque on the basis of a 
combination of detection signals of a plurality of the first 
sensors 145A for detecting the N-poles 131 N and S- 
poles 131S of the first magnetic ring 131 rotating with 
the first rotating disk 40 and detection signals of a plu- 
rality of the second sensors 146A for detecting the N- 
poles 132N and S-poles 132S of the second magnetic 
ring 132 rotating with the second rotating disk 48. The 
control unit 124 controls the electric motor 34 in such a 
manner that the electric motor 34 outputs an assist 
power based on the input torque, to control the rota- 
tional assist power of the drive sprocket 69, thereby 
reducing the load of the driver. 
[0077] In such an electric power assist bicycle, even in 
the initial actuation state of the crank pedals 37R and 
37L in which the rear wheel WR is not rotated yet, the 
first rotating disk 40 causes a rotational phase differ- 
ence with respect to the second rotating disk 48, so that 
the first magnetic ring 131 causes a rotational phase dif- 
ference with respect to the second magnetic ring 132. 
As a result, the combination patterns of signals 
detected by the first sensors 145A and second sensors 
146A are varied from those in the state before actuation 
of the crank pedals 37 R and 37L, so that an input torque 
can be immediately detected at the initial stage of start- 
ing input operation in the stoppage state of the vehicle 
and thereby an assist power based on the input torque 
can be generated by the electric motor 34 and imparted 
to the rear wheel WR. 

[0078] According to the present invention, in the state 
in which the rear wheel WR is not rotated at the initial 
stage of actuating the crank pedals 37R and 37L, an 
input torque is calculated on the basis of a rotational 
phase difference obtained in digital form; while in the 
usual running state of the electric power assist bicycle, 
an input torque is linearly calculated on the basis of a 
rotational phase difference obtained in analog form. 
Accordingly, an assist power linearly based on the input 
torque can be obtained by generating the assist power 
based on the linear input torque by the electric motor 
34. In this way, in the entire region from the initial stage 
of actuating the crank pedals 37R and 37L to the usual 
running state, it is possible to certainly detect an input 
torque and to impart an assist power generated by the 
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electric motor 34 to the rear wheel WR. 
[0079] Since the outer periphery of the first retaining 
member 133 of the first magnetic ring 131 rotating with 
the first rotating disk 40 is in contact with the inner 
periphery of the second retaining member 140 of the s 
second magnetic ring 132 rotating with the second 
rotating disk 48, the remaining portions, other than the 
mutual contact portions, of the first retaining member 
133 and second retaining member 140 can be elasti- 
cally deformed, to keep the concentricity between the io 
first retaining member 133 and second retaining mem- 
ber 140. In this case, it may be considered that the fric- 
tion of the first and second rotating disks 40 and 48 is 
increased because the axial deviation is corrected; 
however, since the first and second retaining members is 
1 33 and 1 40 are in contact with each other only at a plu- 
rality of positions spaced at intervals in the circumferen- 
tial direction, it is possible to keep smooth rotation of 
both the rotating disks 40 and 48 by accurately finishing 
only the mutual contact portions of both the retaining 20 
members 1 33 and 1 40. As a result, even if an axial devi- 
ation occurs between both the rotating disks 40 and 48, 
the adverse effect of the axial deviation is prevented 
from being exerted on the detection value of the input 
torque as much as possible, and thereby the input 25 
torque can be more accurately detected. 
[0080] Since the intermediate coupling member 135 is 
coupled to the first rotating disk 40 in such a manner as 
to be movable in an allowable range in the direction 
along one diameter line of the first rotating disk 40 and 30 
the first magnetic ring 1 31 is coupled to the intermediate 
coupling member 135 in such a manner as to be mova- 
ble in an allowable range in the direction perpendicular 
to the above one diameter tine, the intermediate cou- 
pling member 135 functions as the Oldham's coupling. 35 
Accordingly, even if an axial deviation occurs between 
both the first and second rotating disks 40 and 48, it is 
possible to prevent an excess load from being applied to 
the f irst and second retaining members 133 and 140. 
[0081 ] Incidentally, in this embodiment, four of the first 40 
sensors 145A, facing to the first magnetic ring 131, are 
spaced at equal intervals in the circumferential direc- 
tion, and the single first sensor 1 458 is disposed in such 
a manner as to be spaced 1 80° from one of the first sen- 
sors 145A in the circumferential direction; while four of 45 
the second sensors 146A, facing to the second mag- 
netic ring 132, are spaced at equal intervals in the cir- 
cumferential direction, and the single second sensor 
146B is disposed in such a manner as to be spaced 
180° from one of the second sensors 146A in the dr- 50 
cumferential direction. With such an arrangement of the 
first sensors 145 A and 145B, and second sensors 146A 
and 146B, even if an axial deviation occurs between 
both the magnetic rings 131 and 132, an input torque 
can be accurately detected. 55 
[0082] To be more specific, as shown in Fig. 19(a), 
assuming that both the magnetic rings 131 and 132 are 
deviated in the direction along a straight line L connect- 
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ing one of four of the first sensors 145A to the single first 
sensor 145B and connecting one of four of the second 
sensors 146A to the single second sensor 146B, there 
is no deviation between a phase detected by the one of 
the first sensors 145A (or second sensors 146A) and a 
phase detected by the single first sensor 1 45B (or single 
second sensor 146B). As shown in Fig. 19(b), assuming 
that both the magnetic rings 131 and 132 are deviated 
in the direction tilted 45° from the straight line L, the 
absolute value of a delay -6b of the phase detected by 
the one of the first sensors 145A (or second sensors 
146A) is equal to the absolute value of an advance +Sb 
of the phase detected by the single first sensor 1 45B (or 
single second sensor 146B). As shown in Fig. 19(c), 
assuming that both the magnetic rings 131 and 132 are 
deviated in the direction tilted 90° from the straight line 
L, the absolute value of a delay -5c of the phase 
detected by the one of the first sensors 145A (or second 
sensors 146A) is equal to the absolute value of an 
advance +6c of the phase detected by the single first 
sensor 145B (or single second sensor 146B). As shown 
in Fig. 19(d), assuming that both the magnetic rings 131 
and 132 are deviated in the direction tilted 135° from the 
straight line L, the absolute value of a delay -6d of the 
phase detected by the one of the first sensors MSA (or 
second sensors 1 46A) is equal to the absolute value of 
an advance +6d of the phase detected by the single first 
sensor 145B (or single second sensor 146B). Accord- 
ingly, even if an axial deviation occurs between both the 
magnetic rings 131 and 132, a phase difference 
between both the magnetic rings 131 and 132 can be 
accurately detected by halving the sum of a phase 
detected by one of four of the first sensors 1 45A (or sec- 
ond sensors 146 A) and a phase detected by the single 
first sensor 145B (or single second sensor 146B), and 
an input torque can be accurately detected on the basis 
of the phase difference thus obtained. 
[0083] As a method of obtaining an assist power accu- 
rately based on an input torque even if an axial deviation 
occurs between both the magnetic rings 131 and 132, 
there may be adopted a method of driving the electric 
motor 34 by alternately changing a rotational phase dif- 
ference detected by four of the first sensors USA (or 
second sensors 146A) and a rotational phase difference 
detected by the single first sensor 145B (or single sec- 
ond sensor 146B). Such drive of the electric motor 34 
using the rotational phase difference alternately 
changed with an elapsed time is equivalent to the drive 
of the electric motor 34 using a rotational phase differ- 
ence obtained by the above method of halving the sum 
of a phase detected by the one first sensors 145 A (or 
second sensors 146A) and a phase detected by the sin- 
gle first sensor 1 45B (or single second sensor 1 46B), to 
thereby make it possible to obtain an assist power accu- 
rately based on an input torque. 
[0084] In the present invention, the reduction roller 
type speed reducer 81 for transmitting a power supplied 
from the electric motor 34 onto the reduction gear train 
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82 side includes the motor shaft 84 connected to the 
electric motor 34, a plurality of the reduction rollers 86, 
87 and 88 in rolling-contact with the outer surface of the 
motor shaft 84, and the outer ring 85 having the inner 
surface with which the reduction rollers 86 to 88 are in $ 
rolling-contact. In the speed-reducer 81 , the motor shaft 
84 of the electric motor 34 mounted on the outer surface 
side of the left casing half 76 is supported by the first 
bearing portion 89 provided on the left casing half 76 via 
the bearing 90; the roller shafts 93, 94 and 95 for rotat- w 
ably supporting the reduction rollers 86 to 88 respec- 
tively are supported by the left casing half 76; and the 
leading end of the output shaft 1 15 with its based end 
portion fixed at the central portion of the closed end of 
the outer ring 85 is supported in a cantilever manner by 15 
the second bearing portion 91 provided on the right cas- 
ing half 77 via the ball bearing 92; and the drive gear 
107 for transmitting a power supplied from the output 
shaft 1 15 onto the rotational drive shaft 109 side is pro- 
vided on the output shaft 1 1 5 at a position between the 20 
outer ring 85 and the second bearing portion 91. 
[0085] Accordingly, the motor shaft 84 is supported by 
the first bearing portion 89 of the left casing half 76; the 
output shaft 1 15 is supported in a cantilever manner by 
the second bearing portion 91 of the right casing half 25 
77; and the drive gear 107 is provided on the output 
shaft 115 between the outer ring 85 and the second 
bearing portion 91 , so that the length between the outer 
ring 85 and second bearing portion 91 , that is, the can- 
tilever-supporting length of the output shaft 1 15 is made 30 
longer. With this configuration, even if the electric motor 
34, outer ring 85 and reduction rollers 86 to 88 are 
assembled in the casing 75 at relatively rough accura- 
cies, the motor shaft 84 and the output shaft 115 being 
made longer in its axial length and supported in a canti- 35 
lever manner can be slightly deformed, so that the 
reduction rollers 86 to 88 can be certainly brought in 
rolling-contact with the motor shaft 84 and the outer ring 
85, to thereby improve the productivity. 
[0086] For example, the present invention can be 40 
applied not only to an electric power assist bicycle but 
also to a motor-driven wheelchair and the like. 
[0087] The invention provides an assist power trans- 
mission apparatus for a power assist vehicle including a 
reduction roller type speed reducer provided between 45 
an electric motor and a rotational drive shaft for impart- 
ing a rotational power to a drive wheel, which is capable 
of desirably assembling the reduction roller type speed 
reducer at a relatively rough assembling accuracy, 
thereby improving the productivity. so 
To achieve this, first and second casing halves 76, 77 
are connected to each other with a containing chamber 
79 put therebetween. A motor shaft 84 oi an electric 
motor 34 mounted on the outer surface side of the first 
casing half 76 is rotatably supported by a first bearing ss 
portion 89 provided on the first casing half 76. Reduc- 
tion rollers 86, 87 and 88 are rotatably supported on the 
first casing half 76. The leading end of an output shaft 
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1 15 with its base end portion fixed at the central portion 
of a closed end of a bowl-like outer ring 85 is rotatably 
supported by a second bearing portion 91 provided on 
the second casing half 77. A power transmission portion 
107 is provided on the output shaft 115 at a position 
between the outer ring 85 and second bearing portion 
91. 

Claims 

1 . An assist power transmission apparatus for a power 
assist vehicle in which a reduction roller type speed 
reducer (81) is provided between an electric motor 
(34) mounted in a casing (75) supported by a body 
frame (21) and a rotational drive shaft (109) for 
imparting a rotational power to a drive wheel (WR), 
said reduction roller type speed reducer (81) includ- 
ing a motor shaft (84) connected to said electric 
motor (34), a plurality of reduction rollers (86, 87, 
88) rotating in contact with the outer surface of said 
motor shaft (84), and an outer ring (85) having the 
inner peripheral surface being in rolling-contact with 
said reduction rollers (86 to 88), characterized in 
that 

first and second casing halves (76, 77) consti- 
tuting at least part of said casing (75) are con- 
nected to each other with a containing chamber 
(79) put therebetween; 

said motor shaft (84) of said electric motor (34) 
mounted on the outer surface side of said first 
casing half (76) projects in said containing 
chamber (79) while being rotatably supported 
by a first bearing portion (89) provided on said 
first casing half (76); 

roller shafts (93, 94, 95) for rotatably support- 
ing said reduction rollers (86 to 88) are sup- 
ported by said first casing half (76); 
the leading end of an output shaft (115) with its 
base end portion fixed at the central portion of 
a closed end of said bowl-like outer ring (85) 
opened toward said first casing half (76) side is 
rotatably supported by a second bearing por- 
tion (91) provided on said second casing half 
(77); and 

a power transmission portion (107) for trans- 
mitting a power from said output shaft (1 15) to 
the rotational drive shaft (109) side is provided 
on said output shaft (115) at a position between 
said outer ring (85) and said second bearing 
portion (91). 

2. An assist power transmission apparatus for a power 
assist vehicle according to claim 1, wherein the 
length from the axial center of said first bearing por- 
tion (89) to the axial center of each of said reduction 
rollers (86 to 88) is set to be larger than twice the 
outside diameter of a portion, in contact with said 
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reduction rollers (86 to 88), of said motor shaft (84); 
and the length from the axial center of each of said 
reduction rollers (86 to 88) to the axial center of said 
second bearing portion (91) is set to be larger than 
half the inside diameter of said outer ring (85). $ 
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